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@ Stabilization of coatings with N-hydroxy hindered amines. 

@ N-hydroxy-substituted hindered amine light stabilizers 
impart outstanding stabilization properties to coatings based 
on a variety of resins, the stabilized coatings exhibiting 
improved durability, weatherability, and the like. Some of them 
are new compounds. 
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Description 

STABILIZATION OF COATINGS WITH N-HYDROXY HINDERED AMINES 

The instant invention relates to the stabilization of a wide variety of ambient curable or acid catalized 
thermosetting coating composition by the incorporation therein of N-hydroxy-substituted hindered amine light 
5 stabilizers. The invention further relates to the new compounds of this type of hindered amines. 

Hindered amine light stabilizers are well known to be effective in stabilizing a host of organic substrates 
including polymers against the deleterious effects of light and oxygen. Such hindered amine light stabilizers 
have been used in the stabilization of hot-crosslinkable alkyd or acrylic metallic stoving lacquers (US 
4,426,472) and in stabilizing acid-cataiyzed stoving lacquers based on hot-crosslinkable acrylic, polyester or 
10 alkyd resins (US 4,344.876 and 4,426,471). The hindered amine light stabilizers of these patents do not 
possess structures having a hydroxyl group substituted directly on the hindered N-atom of the compound. 

Related hindered amine stabilizers have been utilized individually and in combination with ultra-violet light 
absorbers to improve the performance characteristics of coating systems. Notwithstanding such 
improvements, there still exists a need to further retard the photooxidation and photodegradation of coating 
15 systems and thereby provide increased effectiveness by maintaining the physical integrity of the coatings. 
Such effectiveness can be manifested by prevention of embrittlement, cracking, corrosion, erosion, loss of 
gloss, chalking and yellowing of the coating. 

It has now been determined that the aforementioned improvements can be achieved by substitution on the 
hindered N-atom of the hindered amines with hydroxyl groups and the utilization of such derivatives in ambient 
20 curable and acid catalyzed thermosettings coating systems. In particular, the physical integrity of the coatings 
is maintained to a higher degree with significant reduction in loss of gloss and yellowing. Accordingly, the 
present invention relates to a stabilized ambient curable or acid catalyzed thermosetting coating composition 
containing an effective stabilizing amount of a hydroxyl substituted hindered amine compound containing the 
group of the formula 
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35 where R is hydrogen or methyl. 

More particularly, the instant invention to the use of a hindered amine derivative corresponding to one of 
, formulae A to M 
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wherein 

R is hydrogen or methyl, 
m is 1-4. 

R^hydLen, Ci-Cis alkyl optionally interrrupted by one or more oxygen atoms, C 2 -Ci 2 alkenyl, C 6 -Cic 
cl cTarXl a vcidvl a monovalent acyl radical of an aliphatic, cycloaliphatic, araliphatic or aromatic 
caVb^fo^ an acyl radical of an aliphatic «t^^ IZT™*\Z I 

cycloaliphatic carboxyiic acid having 5-12 C atoms or an aromatic carboxyl.c acid have 7-12 C atoms , or R1 is a 

group 
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wherein x is 0 or 1, or is a group 



CH 3 / N CH 3 
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wherein Di and D2 are independently hydrogen, an alky! radical containing up to 8 carbon atoms, phenyl, 
benzyl or 3,5-di-t-buty!-4-hydroxybenzyl and D3 is an alkyl or alkenyl radical containing up to 18 carbon atoms; 
when m is 3, Ri is a triavalent acyl radical of an aliphatic, unsaturated aliphatic, cycloaliphatic, or aromatic 
tricarboxylic acid; 

75 when m is 4, R1 is a tetravalent acyl radical of a saturated or unsaturated aliphatic or aromatic tetracarboxylic 
acid including 1 ,2,3,4-butanetetracarboxylic acid, 1,2,3,4-but-2-enetetracarboxylic acid, and 1,2,3,5- and 
1 ,2,4,5-pentanetetracarboxylic acid; 
p is 1, 2 oder 3, 

R3 is hydrogen, C1-C12 alkyl, C5-C7 cycloalkyl, C7-C9 aralkyl, C2-C18 alkanoyl, C3-C5 alkenoyl or benzoyl" 
20 when p is 1, 

R4 is hydrogen, d-Cie alkyl, C5-C7 cycloalkyl, C2-C8 alkenyl unsubstituted or substituted by cyano, carbonyl 
or carbamide group, aryl, aralkyl, or it is glycidyl, a group of the formula -CH 2 -CH(OH)-Z or -CONH-Z wherein Z 
is hydrogen, methyl or phenyl; or R 4 is a group of formula I 



R N C^ 3// CH 2 R 
— ( OH (I) or 



CH 3 / X CH 2 R 
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with h as 0 or 1 ; 
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50 



or R3 and R4 together are alkylene of 4 to 6 carbon atoms or 2-oxoa!kylene or the cyclic acyl radical of an 
aliphatic or aromatic 1,2- or 1 ,3-dicarboxylic acid, 
when p is 2, 

R4 is C2-C12 alkylene. C6-C12 arylene, xylylene, a -CH 2 CH(OH)-CH 2 - group, or a group -CH 2 -CH(OH)-CH 2 - 
0-X-0-CH2-CH(OH)-CH2- wherein X is C2-C10 alkylene, C6-C15 arylene or C6-C12 cycloalkylene; or, provided 
that R3 is not alkanoyl, alkenoyl or benzoyl, R4 can also be a divalent acyl radical of an aliphatic, cycloaliphatic 
or aromatic dicarboxylic acid or dicarbamic acid, or can be the group -CO-, or 
R4 is a group of formula II 
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65 where Te andTg are independently hydrogen, alkyl of 1 to 18 carbon atoms or a group of formula I, or Te and T9 
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together are alkylene of 4 to 6 carbon atoms or 3-oxapentamethylene. preferably Te and T 9 together are 

3-oxapentamethylene; 

when p Is 3, 

FU is 2,4,6-triazinetriyl, 

n is 1 or 2 and 

R^and^ are independently Ci-Cia alkyl v C 2 -C 12 alkenyl. C 7 -Ci 2 aralkyl. or B 5 is also hydrogen, or R 5 and R' 6 
together are C 2 -C 8 alkylene or hydroxyalkylene or C4-C22 acyloxyalkylene; 
when n is 2, 

R 5 and R's together are (-CH2)2C(CH2-)2; 

R 6 is hydrogen, C1-C12 alkyl, allyl, benzyl, glycidy! or C 2 -C 6 alkoxyalkyl; 

R 7 h6 is hydrogen. C1-C1, alkyl, C3-C5 alkenyl, C 7 -C 9 aralkyl, C5-C7 cycloalkyl • c ^|Jro^W 
alkoxyalkyl, C6-C10 aryl, glycidyl, a group of the formula -(CH 2 )t-COO-Q or of the formula -(CH 2 ) r O-CO-Q 
wherein t is 1 or 2, and Q is C1-C4 alkyl or phenyl; or 

tTctcl alkyiene, C 6 -C 12 arylene, a group -CH 2 CH(OH)-CH 2 -0^0-^ 

C2-C10 alkylene, Ce-Cis arylene or C 6 -C, 2 cycloalkylene, or a group -CH 2 CH(OZ )CH 2 -(OCH 2 -CH(OZ )CH 2 ) 2 - 

wherein Z' is hydrogen. Ci-Cie alkyl, allyl, benzyl, C 2 -Ci 2 alkanoyl or benzoyl; 

E^'cS^Sle^e, the group -CH 2 -CH(R 9 )-0- wherein R 9 is hydrogen, methyi or phenyl, the group 
-(CH 2 )3-NH- or a direct bond; 

£°t Kgerc^^'c^ cyc.oalkyl. C 7 -C 12 aralkyl, cyanoethyl. Ce- Cl o aryl. the group 
formula 
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RCH/ V N CH 2 R 35 



wherein G is Ca-Ce alkylene or Ce-Ci 2 arylene, or R B is a Sroup -E-CO-NH-CH 2 -ORio; « 
Formula F denotes a recurring structural unit of a polymer where T 3 is 

repeating structural unit derived from an alpha-olefin copolymer with an alkyl acrylate or methacrylate, 
preferably a copolymer of ethylene and ethyl acrylate, and where k is 2 to 100; 

T4 has the same meaning as R4 when p is 1 or 2, ^ 
£ to meS' or ethyl, or T 5 and T 6 together are tetramethylene or pentamethylene or a mixture of said 
derivatives, preferably Ts and T 6 are each methyl. „. . Y . rarhonv i and T . is 

M and Y are independently methylene or carbonyl. preferably M is methylene and Y is carbonyl. and 14 is 

ethylene where n is 2; 50 
T 7 is the same as R 7 . and T 7 is preferably octamethylene when n is 2. 

T10 and T11 are independently alkylene of 2 to 12 carbon atoms, or Tn is a group of formula II, 
e is 2. 3 or 4 and 

Ti 2 is a group -N(R 5 MCH 2 )<rN(R 5 )- 

or -NH(CHz) a -i(CH 8 ) b -i[(CH 8 ) c -l] f H 55 
where a, b and c are independently 2 or 3, d is 2 to 10 and f is 0 or 1 , preferab* a and c are each 3, b is 2 and f is 

T« is the same as R4 with the proviso that T13 cannot be hydrogen when n is 1; 
Ei and E 2 , being different, each are -CO- or N(E 5 )-, preferably E1 is -CO- and E 2 is -N(E 6 )- where E S is 
hydrogen. Ci-Ci 2 alkyl or alkoxycarbonylalkyl of 4 to 22 carbon atoms; MlK ««tiitoH hv 

E 3 is hyd ogen. alkyl of 1 to 30 carbon atoms, phenyl, naphthyl. said phenyl or said naphthyl s«bst.t"1^^ 
chlorine or by alkyl of 1 to 4 carbon atoms, or E 3 is phenylalkyi of 7 to 12 carbon atoms, or said phenylalkyi 
substituted by alkyl of 1 to 4 carbon atoms, and , „ , « , 4 H « nr 

E4 is hydrogen, alkyl of 1 to 30 carbon atoms, phenyl, naphthyl or phenylalkyi of 7 to 12 carbon atoms, or 
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E3 and E4 together are polymethylene of 4 to 17 carbon atoms, or said polymethylene substituted by up to four 
alky! groups of 1 to 4 carbon atoms, preferably methyl. 

Of particular interest are coating compositions containing a hindered amine derivative of formula A, B, G-K 
or M wherein R is hydrogen and T5 and Te are methyl. 
5 In the structures A to M ( if any substituents are C1-C18 alkyl, they are for example methyl, ethyl, n-propyl, 
n-butyl, sec-butyl, tert-butyl, n-hexyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, n-undecyl, n-dodecyi, n-tridecyl, 
n-tetradecyl, n-hexadecyl or n-octadecyl. 
If R1 is a monovalent acyl radical of a carboxyiic acid, it is for example an acyl radical of acetic acid, stearic 
, acid, salicylic acid, methacrylic acid, benzoic acid or p-(3,5-di-tert-butyl-4-hydroxyphenyl) propionic acid. 
10 If R1 is a divalent acyl radical of a dicarboxylic acid, it is for example an acyl radical of adipic acid, succinic 
acid, suberic acid, sebacic acid, phthalic acid, maleic acid, butyl-(3,5-di-tert-butyl-4-hydroxyberi2yl)-malonic 
acid, or bicycloheptenedicarboxylic acid. 

If R1 is a divalent acyl radical of a dicarbamic acid, it is for example an acyl radical of 
hexamethylenedtcarbamic acid or of 2,4-toluylenedicarbamic acid. 
15 If any substituents ar C5-C7 cycloalkyl, they are in particular cyclohexyl. 
As C7-C9 aralkyl, R3 is particularly phenethyl or above all benzyl. 

As C2-C18 alkanoyl, R3 is for example propionyl, butyryl, octanoyl, dodecanoyl. hexadecanoyl, octadecanoyl, 
but preferably acetyl; and as C3-C5 alkenoyl, R3 is in particular acryloyl. 

If R4 is C2-Ce alkenyl unsubstituted or substituted by a cyano, carbonyl or carbamide group, it is for example 
20 1-propenyl, allyl, methallyl, 2-butenyl, 2-pentenyl, 2-hexenyl, 2-octenyl, 2,2-dicyanovinyl, 1-methyl-2-cyano- 
2-methoxycarbonyl-vinyl or 2,2-diacetylaminovinyI. 

If any substituents are C2-C12 alkylene, they are for example ethylene, propylene, 2,2-dimethylpropylene, 
tetramethylene, hexamethylene, octamethylene, decamethylene or dodecamethylene. 

If any substituents are Ce-Cis arylene, they are for example o-, m- or p-phenylene, 1 ,4-naphthylene or 
25 4,4'-diphenylene. 

As C6-C12 cycloalkylene, X is especially cyclohexylene. 

If Rs is C2-C8 alkylene or hydroxyalkylene, it is for example ethylene, 1-methyl-ethylene, propylene, 
2-ethyl propylene or 2-ethyl-2-hydroxymethylpropylene. 
As C4-C22 acyloxyalkylene, Rs is for example 2-ethyl-2-acetoxymethylpropylene. 
30 tf any substituents are C2-C6 alkoxyalkyl, they are for example methoxymethyl, ethoxymethyl, 
propoxymethyi, tert-butoxyethyl, ethoxyethyl, ethoxypropyl, n-butoxyethyl, tert-butoxyethyl, isopropoxyethyl 
or propoxypropyl. 

If R7 is C3-C5 alkenyl, it is for example 1-propenyl, allyl, methallyl, 2-butenyl or 2-pentenyl. 
As C7-C9 aralkyl, R7 is in particular phenethyl or above all benzyl; and as C5-C7 cycloalkyl, R7 is especially 
35 cyclohexyl. 

If R7 is C2-C4 hydroxyalkyi, it is for example 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 
2-hydroxybutyl or 4-hydroxybutyI. 

As Cg-C-io aryl, R7 is in particular phenyl, or alpha- or p-naphthyl which is unsubstituted or substituted by 
halogen or C1-C4 alkyl. 

40 If R7 is C2-C12 alkylene, it is for example ethylene, propylene, 2,2-dimethylpropylene, tetramethylene, 
hexamethylene, octamethylene, decamethylene or dodecamethylene. 
If R7 is C6-C12 arylene, it is for example o-, m- or p-phenylene, 1 ,4-naphthylene or 4,4'-diphenylene. 
If Z' is C2-C12 alkanoyl, it is for example propionyl, butyryl, octanoyl, dodecanoyl or preferably acetyl. 
As C5-C7 cycloalkyl, Re is in particular cyclohexyl. 
45 As C6-C10 aryl, Rs is particularly phenyl, or alpha- or p-naphthyl which is unsubstituted or substituted with 
halogen or C1-C4 alkyl. As C1-C3 alkylene, E is for example methylene, ethylene or propylene. 

As C2-C6 alkylene, G is for example ethylene, propylene, 2,2-dimethylpropylene, tetramethylene or 
hexamethylene; and as C6-C12 arylene, G is o-, m- or p-phenylene, 1 ,4-naphthylene or 4.4 , -diphenylene. 
Preferred are coating compositions containing a hindered amine derivative of formula A wherein R is 
50 hydrogen, m is 1, 2 or 4 and when m is 1, R1 is an acyl radical of an aliphatic carboxyiic acid having 12-18 C 
atoms or of an aromatic carboxyiic acid having 7-15 C atoms and when m is 2, R1 is a divalent acyl radical of an 
aliphatic dicarboxylic acid having 4-18 C atoms or of an aromatic dicarboxylic acid having 8-14 C atoms or R2 is 
a group 



55 




wherein D1 is Ci-Cs alkyl or 3,4-di-tert.butyl-4-hydroxybenzyl and D2 is Di or hydrogen, and when m is 4, R1 is 
tetravalent acyl radical of a butane- or pentanetetracarboxylic acid. 
65 The following compounds are examples of hindered amine derivatives applicable for use in the invention : 
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1. 1 ( 4-dihydroxy-2,2,6,6-tetramethylpiperidine 
2. 1-hydroxy-4-salicyloxy-2 l 2 l 6,6-tetramethylpiperidine 
3. 1 -hydroxy-4-methacryloyloxy-2,2,6,6-tetramethylpiperidine 

4.1-hydroxy-2,2 t 6,6-tetramethylpiperidin^-yl3 f 5-di-tert-butyl-4-hydroxyhydrocinnamate 

5. din-hydroxy-^.e.S-tetramethylpiperidin^-yl) sebacate 

6. di-(1 -hydroxy-2 I 3 ? 6-trimethyl-2,6-diethyl-piperidin-4-yl) phthalate 

y.di-fl-hydroxy^^e.e-tetramethylpiperidin^-y! n-butyi-(3,5-di-tert-butyl-4-hydroxybenzyl)malonate 

8. hexane-V,6'-bis-(4-carbamoyloxy-1-hydroxy-2,2 l 6,6-tetramethylpiperidine) 

9. N,N'-bis(1-hydroxy-2,2,6,6-tetramethy^ 
10. 4-(N-cyclohexylacetamido)-1-hydroxy-2 t 2,6,6-te1ramethylpiperidine 
1 1 . 4-methacrylamido-1 -hydroxy^.e^tetramethylpiperidine 

1 2. N-( 1 -hydroxy-2 t 2 1 6,6-tetramethylpiperidin-4-yl)-epsilon-caprolactam 

13. N-il-hydroxy^Ae^etramethylpiperidin^-yii-succinimide 

14. N-(1-hydroxy-2 ) 3 t 6-trimethyl-2,6-diethyl-piperidin-4-yl)-maleimide 

15. 8- a2a-2,7,7 t 9 t 9-pentannethyl-8-hydroxy-1,4-dioxaspiro[4.5]decane 

16.9- aza-3-hydroxymethyl-3-ethyl-9-hydroxy-8,8,1^^ 

17. 3- n-octyl-1 l 3 t 8-tria2a-8-hydroxy-7 t 7,9,9-tetramethyl-spiro[4.5]decane-2.4-dione 
18. 8-hydroxy-2,7 ( 7,9,9-pentamethyl-2-hexyl-1-oxa-3,8-diazaspiro[4.5]decane-4-one 
1 9. S-hydroxy^^^^-tetramethyl^-oxa-S^O-diazaspiro [5.1 . 1 1 .2] heneicosan-21 -one 
20. 1 ,1 / -ethyienebis-(4-hydroxy-3,3,5 t 5-tetramethylpipera2in-2-one) 
21 . 1 , 1 , -sebacoyl-bis-(34iydroxy-2^ ) 4 I 4 l 6^entamethylhexahydropyrlmlcllne) 

22. N-hydroxy derivative of polycondensation product of 2,4-dichloro-6-tert-octyiamino-s-triazine and 
4,4 , -hexamethylenebis-(amino-2,2 ) 6,6-tetramethylpiperidine) 

23. N,N\N''N w -tetrakis[4,6-bis(butyl-(1-hydro^ 
2-yl] 1 ,1 0-diamino-4,7-diazadecane 

24. N-hydroxy derivative of polycondensation product of 2,4-dichloro-6-morpholino-s-triazine and 
4,4'-hexamethylenebis-(amino-2,2,6,6-tetramethyipiperidine) 

25.15-n-octadecyi-7-hydroxy-7,15-dia2aspiro[5.1.5.3]hexadecane-14,16-dione 

26. 4- benzyloxy-1-hydroxy-2,2 I 6 ) 6-tetramethylpiperidine 

27. 3-hydroxy-2,2,4,4-tetramethyl-20-(2-iauryloxycarbonyl)ethyl-7-oxa-3,20-diazaspiro[5.1 .1 1 .2]heneico- 
san-21-one 

28. di-(1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl) phthalate 

29. 1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl stearate 
30. 1-hydroxy-2,2,6,6-tetramethyipiperidin-4-yl acryiate 

31 . 4-(4-tert.butyibenzoyloxy)-1 -hydroxy-^.e^tetramethylpiperidine 

32. (1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl)4-hydroxy-3,5-di-tert.butylben2oate 

33. (i-hydroxy-2 t 2,6 1 6-tetramethylpiperidin^yi)4-(hydroxy-3,5-di-tert.buty!benzoyl)-3 ? 5^i-tert-bu- 

tylbenzoate 

34. (i-hydro>cy-2,2,6,6-tetramethylpiperidin-4-yl)[4-(2-oxazepin-1-yl)-2 1 2,6.6-tetram 
1-yl)acetate 

35. aipha t aipha'-di-(1-hydroxy-2 t 2,6,6-tetramethyipiperidin-4-oxy)-p-xylene 

36. di-(1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl) diethylmalonate 

37. N-n-butyl-N-(1-hydroxy-2,2,6 ) 6-tetramethyipiperidin-4-yl)-4-hydroxy-3,5^i-tert.butylbenzaml^ 

38. tetrakis (l-hydroxy-^.e.e-tetramethyi^-plperidyl) 1,2,3,4-butanetetracarboxylate 

39. di-(1 -hydroxy-2,2,6,6-tetramethylpiperidin-4-yl) n-butyimalonate 

40. di-(1-hydroxy-2,2 t 6,6-tetramethylpiperidin-4-yl) isophthalate 

41 . di-(1 -hydroxy-2,2,6,6-tetramethylpiperidin-4-yl) 2-(4-hydroxy-3,5-di-tert.butylbenzyl)-n-butyimalo- 
nate 

The coating composition of this invention may be ambient curable or acid catalyzed hot curable systems, 
depending form the type of binder resins in the composition. 

Resins for ambient curable coatings may be, for example, alkyd resins, thermoplastic acrylic resins, acrylic 
alkyd resins or polyester resins, or said resins modified with silicones, isocyanates, epoxides, isocyanurates, 
ketimines or oxazolidines. The resins may be esters of cellulose such as nitrocellulose or cellulose 
acetobutyrate or the resins may be epoxide resins hardenable with polyamines or other hardeners. 

Applicable alkyd, acrylic, polyester and epoxide resins are described in S. Paul's "Surface Coatings: 
Science and Technology" (-1985) at pages 70-310. The unmodified and modified alkyd resins which can be 
stabilized in accordance with the invention, are the conventional resins which are used in trade sales, 
maintenance and automotive refinish coatings. For example, such coatings are based on alkyd resins, 
alkyd/acrylic resins and alkyd/silicon resins optionally crosslinked by isocyanates or epoxy resins. 

In addition various acrylic lacquer coating compositions are disclosed in US 4,168,249. Other acryhc/alkyd 
resins with polyisocyanate additives are disclosed in US 4,471,083; and acrylic resins containing either 
pendant amino ester groups or giycidyl groups are described in US 4,526,521. 

Resins for acid catalyzed thermosetting coatings may be, for example, hot crosslinkable acrylic, polyester, 
polyurethane, polyamide or alkyd resins. This implies mixtures of those resins or mixtures with crosslinking 
agents such as melamine resins. 
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The acrylic resin lacquers are the conventional acrylic resin stoving lacquers or thermosetting resins 
including acrylic/melamine systems which are described, for example, in H. Kittel's "Lehrbuch der Lacke und 
Beschichtungen", Vol. 1. Part 2, on pages 735 and 742 (Berlin 1972), "Lackkunstharze" (1977), by H. Wagner 
and H.F. Sarx, on pages 229-238, and in S. Paul's "Surface Coatings: Science and Technology" (1985). 
5 The polyester lacquers are the conventional stoving lacquers described e.g. in H. Wagner and H.F. Sarx, op. 
cit, on pages 86-99. 

The alkyd resin lacquers which can be stabilized in accordance with the invention, are the conventional 
stoving lacquers which are used in particular for coating automobiles (automobile finishing lacquers), for 
example lacquers based on alkyd/melamine resins and alkyd/acn/lic/melamine resins (see M. Wagner and H.F. 
10 Sarx, op. cit., pages 99-123). Other crosslinking agents include glycoluril resins, blocked isocyanates or epoxy 
resins. 

In their industrial uses, enamels with high solids content based on crosslinkabie acrylic, polyester, u re thane 
or alkyd resins are cured with an additional acid catalyst. Light stabilizers containing a basic nitrogen group are 
generally less than satisfactory in this application. Formation of a salt between the acid catalyst and the light 
75 stabilizer leads to incompatibility or insolubility and precipitation of the salt and to a reduced level of cure and 
to reduced light protective action and poor resistance to moisture. 

The N -hydroxy compounds of the present invention are less basic than the corresponding hindered amine 
compounds from which they are derived, yet still exhibit undiminished, indeed enhanced, light stabilization 
efficacy. 

20 The ambient curable coatings as well as the acid catalyzed hot curable coatings stabilized in accordance 
with the invention are suitable both for metal finish coatings and solid shade finishes, especially in the case of 
retouching finishes. The lacquers stabilized in accordance with the invention are preferably applied in the 
conventional manner by two methods, either by the single-coat method or by the two-coat method. In the 
latter method, the pigment-containing base coat is applied first and a covering coat of clear lacquer applied 

25 over it. 

The amount of hindered amine derivative employed is 0.1 to 10<>/o by weight, based on the solvent-free 
binder, preperably 0.5 to 5 Qfo by weight. The binders can be dissolved or dispersed in customary organic 
solvents or in water or can be solvent-free. 
When used in two-coat finishes, the hindered amine derivative can be incorporated in the clear coat or both 

30 in the clear coat and in the pigmented base coat. In the manufacture of acrylic modified alkyd resins or acrylic 
resins, polymerizable hindered amine derivatives can be polymerized into the resin. The incorporation into the 
lacquer binder can also, however, be effected via polycondensation in the manufacture of the alkyd or 
polyester resins. In this cases, there is the additional advantage that the light stabilizers cannot be removed by 
extraction or migration so that their action is very prolonged. 

35 To attain maximum light stability, the concurrent use of other conventional light stabilizers can be 
advantageous. Examples are UV absorbers of the benzophenone, benztriazole, acrylic acid derivative, or 
oxalanilide type, or aryl-s-triazines or metal-containing light stabilizers, for example organic nickel compounds. 
In two-coat systems, these additional light stabilizers can be added to the clear coat and/or the pigmented 
base coat. 

40 If such combinations are employed, the sum of all light stabilizers is 0.2 to 20 <Vo by weight, preferably 0.5 to 
5 o/o by weight, based on the film-forming resin. 

Examples of the UV absorbers which may be used in the instant compositions in conjunction with the 
aforementioned hindered amine compounds are: 

(a) 2-(2'-HydroxyphenyI)-benzotriazoles, for example the S'-methyh 3\5'-di-tert-butyl-, 5'-tert-butyh 
45 5'-(1,1,3,3-tetramethylbutyl)-, 5-chloro-3',5'-di-tert-butyl-, 5-chloro-3'-tert-butyl-5'-methyi-, 3'-sec-butyl- 

5'-tert-butyl-, 4'-octoxy-, 3',5'-di-tert-amyl derivative. 

(b) 2-Hydroxy-benzophenones f for example, the 4-hydroxy- ( 4-methoxy- t 4-octoxy-, 4-decyloxy-, 
4-dodecyloxy-, 4-benzyloxy, 4,2',4'-trihydroxy-and 2'-hydroxy-4 t 4'-dimethoxy derivative. 

(c) Acrylates, for example, alpha-cyano-[3,P-diphenyl-acryIic acid ethyl ester or isoctyi ester, 
50 alpha-carbomethoxy-cinnamic acid methyl ester, atpha-cyano-p-methyl-p-methoxy-cinnamic acid methyl 

ester or butyl ester, alpha-carbomethoxy-p-methoxy-cinnamic acid methyl ester, N-(P-carbomethoxy- 
p-cyanovinyl)-2-methyl-indoline. 

(d) Nickel compounds, for example, nickel complexes of 2^'-thiobis-[4-(1,1,3,3-tetramethylbutyI)-phe- 
nol], such as the 1:1 or 1:2 complex, optionally with additional ligands such as n-butylamine, 

55 triethanolamine or N-cyclohexyl-di-ethanolamine, nickel dibutyldithiocarbamate, nickel salts of 4-hydroxy- 

3,5-di-tert-butyIbenzyiphosphonic acid monoalkyl esters, such as of the methyl, ethyl or butyl ester, nickel 
complexes of ketoximes such as of 2-hydroxy-4-methyl-phenyl undecyl ketonoxime, nickel complexes of 
1-phenyl-4-lauroyl-5-hydroxy-pyrazol, optionally with additional ligands. 

(e) Oxalic acid diamides, for example, 4,4'-di-octyl-oxyoxanilide, 2,2'-di-octyloxy-5,5'-di-tert-butyl-ox- 
60 anilide, 2,2'-di-dodecyloxy-5,5'-di-tert-butyl-oxaniIide, 2-ethoxy-2'-ethyl-oxanilide, N.N'-bis-(3-dimethy- 

laminopropyl)-oxalamide, 2-ethoxy-5-tert-buty!-2'-ethyt-oxanilide and its mixture with 2-ethoxy-2'-ethyl- 
5,4'-di-tert-butyl-oxanilide, and its mixtures of ortho- and paramethoxy- as well as of o- and 
p-ethoxy-disubstituted oxantlides. 

(f) Hydroxyphenyl-5-triazines such as 2.6-bis-(2.4-di-methylphenyl)-4(2-hydroxy-4-octyloxyphe- 
65 nyl)-s-triazine or the corresponding 4(2,4-dihydroxyphenyl) derivatives. 
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Of particular value in the instant compositions are the benzotriazoles of high mole cula ^'ght and tow 
JatJlfty such as 2-[2-rrydroxy-3,5-di(alpha,alpha*^ ££KK" 
r5-dMert-octvlDhenvl-2H-benzotriazole, 2-(2-hydroxy-3-alpha,alpha-dimethylbenzyl-5-tert-octylphe- 

KydrS^^^ 2 - I2 .hydroxy-3-terlbutyl-M2-omeg a -hydroxy- 5 

octatethyie^eoxyJ-carbonyoWphenyll-aH-benzotriazole, 2-[2-hydroxy-3-tert.bu 2-o^loxycarbonyi- 
ethTphenylJ-benzotriazote 2-(2-h y drox y ^sec.dodecyl-5-m e thyl-phenyl)-benzotna 2 ole. "examethylene 

diWtert^ and the 5 - Chl0r ° con, P° unds corre " . 

sDondina to each of the above named benzotriazoles. . . 

A preferred embodiment of the instant invention pertains to stabilized compositions comprising 10 

(a) a resin system as defined hereinabove, 

(b) an N-hydroxyl substituted 2.2,6,6-tetraalkylpiperldine compound, 

(c) an UV absorber selected from the group consisting of the benzophenones. benzotriazoles, acrylic 
acid derivatives, organic nickel compounds, aryl-s-triazines and oxanilides 

Further ingredients which the enamels or coatings can contain are arrt.ox.dants for example those of the 15 
sterically hindered phenol derivative type, phosphorus compounds, such as phosphites Phosphines or 
phosphonites, conventional hindered amine light stabilizers, plast.crzers, levelling ass.stants, hardening 
catalvsts thickeners, dispersants or adhesion promoters. . 

A farther preferred embodiment of the instant invention is a stabilized composition "i^W ^pomfe 
(a) b) and (c) described above which additionally contains as component (d) a phosph te or phosphonite^ 20 

The amount of phosphite or phosphonite (d) which is used in the instant composit.ons ,s frorr ,005 to 2 <Vo by 
weight, preferably from 0.1 to 1 <*> by weight, based on the film form.ng resin. In two-coat systems, these 
stabilizers may be added to the clear coat and/or base coat. ^ .. j 

TySr P hos P hite and phosphonites include triphenyl phosphite diphenylalky P h ° s ^; os 
phosphites, trMnonylphenyO-phosphite, trilauryl phosphite. «oct^pto.p^^ 25 
diphosphate, tris-(2,4-di-tert.butylphenyl) phosphite, di-isodecylpentaerythrrtol d'Ph°sph.te, d.-(2 ^Htert-bu- 
SrpSjiJentaerythritol diphosphite. tristearyl-sorbitol triphosphate. tetrakis-(2,4-di-tert.butyl P henyl)-4,4 -d- 

P te^S^^^ to impart greater retention of durability to the cured enameis (as measured by 

20° g!as • Stio^ of image, cracking or chalking) ; the enamel should not yellow on curing and further color 30 
cLng^on exposure to ligtt should be minimized; the stabilizers should be -f^*"^*^ 
normally used in coating applications such as methyl amyl ketone, xylene, n-hexyl acetate alcohol and the ike 

Z instant Wndered amine light stabilizers substituted on the hindered N-atom 
each of these requirements and provide indMdually or in combination with a UV-absorber outstanding light ^ 
stabilization protection to the cured coatings. . 

^e following examples describe the inventive use of substituted hindered amine derivatives in various 
amWem Sle and acid catalyzed hot curable resin systems. Parts and percentages are by weight. 



Example 1: Stabilization of a White. Two-Component Acrylic Urethane Gloss Enamel 
' A white acrylic urethane enamel is formulated as shown below. 



40 



Component I 


Parts 


Acryloid® AU 608 


83.5 


(acrylic polyol from 




Rohm & Haas) 




7102 


1967 


Cellosolve Acetate 


97.3 


- Sand Mill - 




Acryloid® AU 608 


291.4 


Flow Improver 


0.28 


Cellosolve Acetate 


155.5 


Component II 




Desmodur® N-100 


70.9 


(polyisocyanate from 




Mobay Corp) 




Cellosolve Acetate 


101.7 




997.3 



45 



£5 



60 



This material is spray applied at a dry film thickness of 35-50 ,un onto Bond ^^ 
that had been previously primed with a commercial epoxy polyamide rnaintena nee primer ^^^tenw 
Se Clad II). Prior to appLation, the indicated amount of addlUva (based on resl " * 

After ambient storage for a period of 2 weeks, the coated panels are subjected to weathering for 1790 hours 65 
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in a QUV tester. In this test, the samples are subjected to weathering for 8 hours in a humid atmosphere and 
UV light at 50° C and for 4 hours with no UV light at 40° C. The 60° gloss of each panel (ASTM D-523) is 
determined and is reported below. 

5 Additive Cone. (Q/o by 60° Gloss 

wt.) 

A 1.0 27 

Compound 1 .0 48 

A « bis(1£,2,6 t 6-pentamethyl-4-piperidinyl)se- 
bacate 



15 



Example 2: Stabilization of Semi-Transparent Alkyd Stain 
A semi-transparent linseed alkyd stain is formulated as shown below. 



30 



35 



45 



Materials 


Parts 


Copolymer 186 


27.3 


(dehydrated castor oil 




from CasChem) 




Mineral Spirits 


36.0 


Lecithin 


4.0 


Bentone SD-1 


10.0 


Yellow Iron Oxide 


4.36 


Red Iron Oxide 


19.58 


Black Iron Oxide 


3.3 


Fungitrol® 11 


2.0 


- Cowles Grind 




Copolymer 186 


66.3 


Beckosoi® 10-051 (long 


115.0 


oil alkyd from Reichold) 




Linseed Oil 


20.3 


Mineral Spirits 


118.7 


6 o/o Cobalt 


1.2 


Naphthenate 




5 % Calcium 


2.16 


Naphthenate 




18 o/o Zirconium 


12 


Octoate 




Ketoxime (antiskinning 


1.0 


agent) 




Xylol 


21.6 


Mineral Spirits 


273.4 


726.7 



Pieces of 1 .3 cm. x 20.3 cm x 30.5 cm Western Red Cedar panels having a fine radial cut are used. One half of 
each panel is coated with 3 coats of the unstabilized stain. An equal amount of stain containing 3 o/o (by weight 
on resin solids) of light stabilizers is applied to the other half of the panel in three coats. After storage at 

55 ambient temperatures for two weeks, the wood panels are exposed outdoors vertically facing south for a 
period of eight months. The 60° gloss retention of the stabilized and unstabilized section of the same panel are 
determined. Due to lack of homogeneity of wood substrates, the gloss retention of the same stain tends to 
differ from panel to panel. In this study, the unstabilized control stain is applied to every panel inasmuch as the 
differences in gloss retention between the stabilized and unstabilized portions of the panel allow for a better 

60 measure of the improvement in gloss due to the presence of the light stabilizer. 



65 
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Additive 


Unsta- 
bilized 


60° Gloss Value 
Stabilized 


Gloss 
Improve- 
ment 


30/0 A 


21.4 


20.3 




3 0/0 29 


27.5 


69.8 


42.3 


I.50/0B+- 


16.9 


324 


15.5 


1.5 <VoA 








1.5<VoB+- 


23.9 


66.7 


42.8 



5 



10 



1.5<Yo29 

B = 5-(alpha,alpha-dimethylbenzyl)-2-(2-hy- 
droxy-3,5<ii-tertbutylphenyl)-2H-benzotriazole 



Example 3: Sta bilization of a Medium Oil Alkyd Enamel 

A commercially available med ium oil alkyd enamel pigmented with non-leafing aluminium pigment and tinted 
liqht blue is stabilized with the indicated amount of UV absorber and hindered amine denvative (by weight of 20 
resin solids) and then spray applied onto cold rolled steed panels primed with an epoxy pnmer After the 
coating is allowed to cure at room temperature for 2 weeks, the panels are exposed in a Xenon Arc 
Weatherometer for 840 hours. The 20° gloss retention (ASTM D-523-80) of the panels is determined. 

Additive Cone. (0/0 by 20° Gloss 25 

wt.) Retention 0/0 

C/A 3/2 22.7 

C/29 3/2 34.4 

C/39 3/2 31.9 . 30 

C = 2-[2-hydroxy-3-tert.butyl-5-(2-omega-hy- 
droxy-octa-(ethyleneoxy)carbonylethylphe- 
nyl)]-2H-benztriazoie 



35 



40 



Example 4: Stabiliz ation of a Nitrocellulose Lacquer -„m m **a 
A commercially available white nitrocellulose lacque r (from Randolph Corp.) is s ab.lized with the indicated 
light stabilizers (by weight of resin solids) and spray applied onto epoxy primed cold roHec steel panels. After 
storage at room temperature for 2 weeks, the panels are exposed in a Xenon Arc Weatherometer for 1130 
hours. The 60° gloss of the panels at that inverval is determined. 

Additive Cone. (Q/o by 60° Gloss 45 

wt) 

C/A 1.5/1.5 41 

C/39 1.5/1.5 70 

D/A 1.5/1.5 36 

D/39 1.5/1.5 70 w 

C = 2-(2'-hydroxy-3'-(1-methylunde- 
cyl)-5'-methyl)-2H-benztriazole 

65 



Example 5: Stabilization of a Blue Medium Oil Alkyd Enamel 
A blue medium oil alkyd enamel is formulated as follows: 



60 



65 
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Material Wt. o/o 

Aroplaz® 1445-M-50 66.6 
(alkyd resin solution 

5 from NL Industries) 

T1O2 2.5 

Phthalocyanine Blue 0.8 

Driers (Co, Pb, Mn) 1,0 

Xylene 29.1 

10 100.0 



This material is spray applied to a thickness of 45 jim onto Bonderite 40 cold rolled steel panels which have 
15 been previously electrocoated with an epoxy ester (PPG Uniprine). The panels are allowed to cure at room 
temperature for 2 weeks and are then exposed outdoors at an angle of 45° facing south. After 9 months 
exposure, the 20° gloss retention of the coating is determined. 

Additive Cone. (Q/o by 20° Gloss 

20 wt) Retention o/o 

Control - o 

(unstabilized) 

E/5 2/1 69 

25 E = 2-(2'-hydroxy-3',5'-di-tertbutylphe- 
nyl)benztriazole 



30 

Example 6 : The following alkyd paint formulations are prepared. 



35 



40 



45 



50 



55 



60 
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rarts 






White (W) 


V/ _ II ^v.. ,/\/\ 

YellOW(Y) 


biue(b) 




45.0 


57.73 


58.27 


1 AAA M-SO 

I *T*T<J IVI JU 








Tin« 

1 IU2 




20.82 


4.26 


irgaiite^ 




7.3 




GS (yellow 








pigment 








from 








CIBA- 








GEIGY) 








DhtKa 1 r\f*\t— 
rn i noi uoy ~ 






1.41 


aninp hillP 

Ol III IC UIUC 








WotnyimP 

|\ClUAII IIC 


0.17 


0.07 


0.014 


/Antiel/in. 

\anii5Kiri- 








rtir*in o f*% Q fw 1 

ning agenu 








Ionic 






U.UD 


antifioat 








OUT 1 IfJUUi IU 








24% Pb 




1 *VI 
I .Ov 


1.30 


as 








llafJI III its 








nate 








6 °/o Co as 


U.OO 


n 


0.50 


naphthe- 








nate 








6 % Mn as 


0.45 


0.60 


0.60 


naphthe- 








nate 








Xylene 


35.0 


48.4 


45.1 


Mineral 


60.0 


64.49 


64.11 


Spirits 









Additive Cone. Paint Florida Exposure (Months) 

(Q/o by 



wt.) 



60 c Gloss 









0 


9 


12 


15 


0 


9 


12 


15 


12 


15 






W 


82 


35* 


33 


35 


96 


15 


35 


18 


4.7 


6.3 


E/5 


2/1 


W 


82 


55 


49 


45 


96 


74 


66 


53 


3.5 


5.2 






Y 


92 


16 


13 


. 10 


95 


5 


6 


2 


14 


14 


E/5 


2/1 


Y 


92 


60 


56 


33 


95 


85 


76 


43 


10 


12 






B 


91 


26 


17* 




93 


15 


25 




10 




E/5 


2/1 


B 


91 


84 


75 


54 


93 


82 


78 


68 


2 


3.4 



10 



15 



20 



25 



30 



35 



The formulations are stabilized with the indicated materials in the Indicated concentrations (by we.ght on 
total resin solids) and sprayed onto cold rolled steel panels primed with an electrocoated epoxy ^pnrner The 
coating is allowed to cure overnight at room temperature and the panels are then exposed in Flonda at an 
angle of 45° South. 60° gloss, distinciton of image (Dl) (Hunter Associates Apparatus) and color change 
based on Yellowness Index values are determined and tabulated below. 40 



Dl Color Change 45 



cracking observed 



50 



55 



Example 7: Stabiliza tion of an Acrylic Alkyd Enamel Crossllnked w ith an Aliphatic Isocvanate Refin.sh Enamel 

A commercially available light blu e metallic acrylic alkyd enamel hardened with an aliphatic .socyanate is 60 
stabilized with the indicated amounts of additive (by weight on total resin solids) and then spray applied onto 
Bonderite 40 panels primed with an alkyd primer. After the coatings are aged at ambient tempera ture for 2 
weeks, the panels are exposed outdoors at an angle of 5" for a period of 10 months. The 20° gloss retention of 
the panels is measured. ^ 
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Additive Cone. (Q/o by 20° Gloss 

wt.) Retention Qfo 

C/F 3/2 16 

C/36 3/2 27 

C/40 3/2 25 

C/39 3/2 24 

C/28 3/2 22 



F « bis(1,2 ( 2,6,6-pentamethyl-4-piperid- 
inyl)[[3,5-di-tert.-butylhydroxyphenyl]methyl]bu- 
tylpropanedioate 



Example 8: Stabilization of a Thermoplastic Acrylic Lacquer 

A commercially available light blue metallic thermoplastic acrylic lacquer is stabilized with the indicated 
amounts of additive (by weight on total resin solids) and then spray applied onto Bonderite 40 panels primed 
with an epoxy primer. After storage at ambient temperature for 2 weeks, the panels are exposed in a Xenon 
Arc Weatherometer for 1250 hours. The 60° gloss of the panels is determined. 



Additive 


Cone, (o/o by 


60° Gloss 




wt) 




G/A 


2/2 


11 


G/5 


2/2 


27 


G/32 


2/2 


24 


G/29 


2/2 


27 


G/28 


2/2 


31 


G/41 


2/2 


23 


G/39 


2/2 


39 


G/40 


2/2 


23 


G/36 


2/2 


23 


G/38 


2/2 


26 



G = 2-[2-hydroxy-3,5-di 
(alpha.alpha-dimethylbenzyl)-phenyl)]-2H-benzo- 
triazole 



Example 9: Stabilization of an Acrylic Alkyd Refinish Enamel 

A commercially available acrylic enamel pigmented with non-leafing aluminium pigment and tinted a light 
blue is stabilized with the indicated amounts of UV absorber and hindered amine (by weight of resin solids) and 
then spray applied onto Bonderite 40 panels primed with an alkyd primer. After the coating is allowed to cure at 
room temperature for 14 days, the panels are exposed outdoors at an angle of 5° S for a period of 10 months. 
The 20° gloss retention of the panels is measured. 



Additive Cone. (Q/o by 20° Gloss 
wt.) 

C/A 3/2 18 

C/5 3/2 25 

C/28 3/2 26 

C/39 3/2 25 

C/40 3/2 28 



Example 10: Stabilization of High Solids Acid-catalyzed, Thermoset Acrylic Resin Enamel 
A high solids (50 o/o by weight) thermoset acrylic resin enamel, catalyzed by 0.5 o/o by weight of 

p-toluenesulfonic acid, based on the film-forming resin, is stabilized by the addition of various 

N-hydroxy-polyalkylpiperidine derivatives. 
The high solids thermoset acrylic resin enamel formulation (Acryloid® AT 400 from Rohm & Haas) is based 
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on hydroxyethyl methacrylate, methyl methacrylate, styrene, butyl acrylate and butyl methacrylate and a 
melamine curing agent 

Pieces of steel sheeting 9 x 30 cm, coated with a primer based on polyester/epoxy resin, are then coated 
with a silver metallic base coat and finally with the clear finishing enamel. The base coat is sprayed onto the 
sheet to a thickness of about 20 ^m and air dried for 3 minutes. The clear finishing enamel coat is then sprayed 5 
onto the sheet to a thickness of about 45 urn. After 15 minutes air-drying, the coated sheets are baked for 30 
minutes at 250° F (121 °CJ. 

The stabilizers under test are added to the thermoset acrylic resin finishing enamel before the enamel is 
sprayed onto the base coated sheet. 

After storage for 3 weeks in an air-conditioned room (23°C/50 % relative humidity), the coated sheets are 10 
subjected to weathering for 1300 hours according to thest method ASTM G-53/77 in a QUV tester. In this test, 
the samples are subjected to weathering in repeated cycles for 4 hours in a humid atmosphere at 50°C and 
then for 8 hours under UV light at 70° C. Subsequently, distinction of the image (Dl) and the 20° gloss of the 
surface of the finishes are determined. High values for 20° gloss and Dl are desired. 

15 

QUV Exposure - 1300 hours 

Stabilizer in 20° Gloss Dl 
clear coat 

20 

Without 6 12 

Additive 

1 o/o 92 66 

Compound G 

+ 20/0 25 
Compound 5 

1 o/o 90 68 

Compound G 
+ 2 0/0 

Compound 12 30 



Exampl e 11 : , , , . 

In another test, the samples, prepared as in Example 10, after storage are subjected to accelerated 35 
weathering for 2230 hours in a Xenon arc (6500 Watt) Weather-Ometer. 

The samples are exposed to repeated cycles for 102 minutes to the light source, then for 18 minutes to a 
water spray and light, at 60° C (black panel). The results are reported below. High values for 20° gloss and Dl 
are desired. 

40 

Xenon arc exposure 

Stabilizer in 20° Gloss Dl 

clear coat 

Without 44 6 

Additive 

1 0/0 89 70 

Compound G 

+ 2 0/0 50 
Compound 5 

1 0/0 89 84 

Compound G 
+ 2% 

Compound 12 55 



45 



Example 12 : Cracking Resistance 

Samples described in Example 10 after being exposed in the QUV tester for 1300 hours are evaluated 60 
visually for cracking. The results are given below. 



65 
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Cracking after 1300 hours 

Stabilizer in clear coat Appearance of the 

Enamel 

Without Stabilizer Deep cracks 

1 o/o Compound G + No cracking 

2 o/o Compound 5 

1 o/o Compound G + No cracking 

2 0/o Compound 12 



Example 13: Knoop Hardness and Enamel Appearance 
1S Samples described in Example 10 after baking for 30 minutes at 121° C are stored for one week at room 
temperature. Knoop hardness values are determined on the baked enamel and the general appearance of the 
enamels is noted. 



20 



25 



30 



Stabilizer in Baked Coating Appearance of 



clear coat 

Without 
Stabilizer 
1 o/o 

Compound G 
+ 2 0/o 
Compound 5 
1 o/o 

Compound G 
+ 2 0/b 

Compound 12 



Knoop 
Hardness 



Coating Before 
Baking 



11.8 Clear 
11.6 Clear 

10.6 Clear 



35 

Example 14 : 

Two thermoset acrylic enamels are formulated to include a benzotriazole UV-absorber and a hindered amine 
light stabilizer as described in Example 10. 

The coated panels are exposed in the QUV tester, or in the Xenon Arc Weatherometer or in South Florida in 
40 an unheated black box at an angle of 5° to the sun. 20° gloss or distinction of image (Dl) values are 
determined. 

The thermoset acrylic enamels are based on a binder of 70 o/o of monomers such as hydroxyethyl acrylate, 
styrene, acrylonitrile, butyl acrylate and acrylic acid with 30 o/o of a melamine resin and as acid catalyst 0.5 o/o of 
p-toluene-sulfonic acid. 

45 Enamel A is coated over a silver metallic base coat and Enamel B is coated over a white base coat. 



so 



55 



60 
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Enamel 
A with 



No 
Sta- 
bilizer 

1 o/o 
Com- 
pound G 
plus 

2 0/o 
Com- 
pound 5 



Enamel A 



750 



95 



92 



with 



No Stabilizer 

10/0 

Compound G 
plus 2 0/o 
Compound 5 



90 
90 



20° Gloss Values after Hours of QUV Exposure 

1300 1600 2350 3000 Hours 

QUV 
Expo- 
sure 
Till 
First 
Crack- 



82 



92 



ing 
Ob- 
served 

900 



90 



90 



40 



10 2700 



20° Gloss Values after Hours of Xenon Arc Exposure 
1400 1850 2500 2750 3300 4050 5100 5900 7400 



55 
90 



35 
90 



22 
90 



15 

90 



0 
88 



88 



75 70 



45 



Hours of Xenon 
Arc Exposure 
Till First 
Cracking 
Observed 

2700 
>8500 



10 



15 



20 



25 



30 



35 



Enamel A 
with 

No Stabilizer 
1 o/o 

Compound 
G plus 2 o/o 
Compound 5 



Enamel B 
with 

No Stabilizer 
1 o/o 

Compound 
G plus 2 o/o 
Compound 5 



Distinction of Image Values after Months of So uth Florida Exposure 



12 



18 



82 
85 



25 
82 



5 
75 



2 
60 



Distinction of Image Values after Hours of QUV Exposure 

200 1050 1450 1700 1840 



2250 



78 
88 



55 
88 



8 
88 



5 
88 



88 



88 



60 



40 



45 



50 



55 



60 
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Example 15 : 

In order to determine whether cure is affected at either the 121 °C normal bake temperature or at the 82° C 
automotive low bake repair temperature, Enamel A (as described in Example 14) containing various stabilizer 
combinations is baked over a silver base coat for 30 minutes at 121°C or for 30 minutes at 82°C. 

The effectiveness of cure is assessed from Knoop hardness values, the higher numbers indicating greater 
hardness and hence cure. 



Enamel A 
containing 1 % 
by weight 
Compound G 
plus 2 o/o by 
weight of Test 
Compound 



Unstabiiized 
Compound A*) 
Compound 5 



Knoop Hardness Values 



Low Bake 
Repair 

11.5 11.5 
1-2 

11.5 7.0 



Normal Bake 



* Compound A is 

di-(1 ,2,2,6,6-pentamethylpiperidin-4-yl) sebacate. 



25 The instant compound 5 does not retard cure at the normal bake temperature and causes only slight 
insignificant retardation of cure at the automotive low bake repair temperature. 

Example 16 : 

The physical properties of Enamel A (as described in Example 14) coated over a silver metallic base coat 
30 when cured for 30 minutes at 82° C, the low bake repair temperature, are completely satisfactory as is seen in 
the table below. 



Stabilizer Knoop Hardness Pendulum Change in 20° Crosshatch 

Hardness Gloss Value after Adhesion 

Humidity 

Unstabiiized 7 70 20 

1.50/0 5 + 1 o/o G 7 85 2 



40 The 20° gloss values are taken on coated panels conditioned for 96 hours in a constant humidity chamber at 
38 C C and 100 o/o relative humidity. A low change in 20° gloss value shows the coating is not adversely affected 
by humidity. 

The cross-hatch type adhesion test involves using a multi-cut knife to prepare cross-hatches through the 
topcoat film and base coat on the panel. An acetate fiber adhesive tape is placed over the cross-hatch area 
45 and then is pulled off. A visual inspection of the amount of topcoat, if any, coming off with the tape as it is pulled 
gives a relative rating of the amount of detamination. A rating system of 5 indicating the absence of cross-hatch 
delamination to 0 indicating complete cross-hatch delamination is used. 

It is clear that the low bake curing at 82° C for the acid catalyzed thermoset enamels containing the 
N-hydroxy hindered amine light stabilizers is completely adequate. 

50 

Example 17 : 

The thermoset acrylic enamel of Example 14 including 0.5 o/o of p-toluenesulfonic acid is formulated to 
include varying concentrations of a benzotriazole UV-absorber and a hindered amine light stabilizer of the 
invention. The enamel is coated over a silver metallic base coat pursuant to the procedure in Example 14 and 
55 baking is conducted for 30 minutes at 121°C normal bake temperature. 

The coated panels are exposed in the QUV exposure apparatus and the time to 50 o/o loss of 20° gloss is 
determined. 
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Compound 


Cone. (0/o by 


Time to 50 o/o 




wt.) 


Loss of 20° 






Gloss (hours) 


unstabiiized 


- 


600 


G/5 


2/1.5 


3300 


G/22 


2/1.5 


2900 


G/29 


2/1.5 


2000 


G/37 


2/1.5 


1700 


unstabiiized 


- 


900 


C/5 


3.5/1.5 


4750 


C/5 


3.5/1.5 


5300 


C/28 


3.5/1.5 


4500 


C/29 


3.5/1.5 


5300 


C/31 


3.5/1.5 


3900 


C/35 


3.5/1.5 


4700 


C/39 


3.5/1.5 


5100 


C/40 


3.5/1.5 


5300 


unstabiiized 


- 


1000 


C/5 


3/1 


4700 


C/27 


3/1 


4100 


C/36 


3/1 


5200 


C/38 


3/1 


4600 


C/39 


3/1 


4200 


C/40 


3/1 


4600 



Various N-hydroxy derivatives of hindered amines are known. For example, a substantial number of such 
derivatives are genericaliy disclosed in US 4,590,231. The substituents on the 4-position include ether, ester, 
amino, dioxaspiro, diaza-dione, urea and triazine substituents, among others. These derivatives are identified 
as stabilizers in polyolefin compositions. Mono- and di-piperidinyl ester derivatives are likewise disclosed in 
JP-A 54-69162 for use in stabilizing urethane polymers. Other N-hydroxy derivatives are disclosed in J- Polyra 
Sci Polymer Chem. Ed. 22, 277-281 (1984) ; Polym. Sci. Technol. 26, 35-47 (1984) ; Zh. Org. Khim. 6. 2365-2369 
(1970); as well as in US 3,936,456, US 4,404,302 and US 4,472,547. 

Accordingly, it is a further object of the instant invention to identify a series of new N-hydroxy hindered 
amines having a broad range of stabilization performance characteristics. 

These derivatives thus correspond to the formulae A' or B' 



10 



15 



20 



25 



30 



35 



40 



(A') 



(B 1 ) 



£H 2 .CH3 



-Ri 



45 



50 



55 



60 



wherein R is hydrogen or methyl, preferably is hydrogen; 
m is 1-4; 

when m is 1, Ri is 



65 



21 



RNRDDCtn: <FP 0309401 A1 I > 



EP 0 309 401 A1 



Ku 



\ 



HO — 



\ 



--CM- 



10 



wherein x is 0 or 1 and R< independently are Ci-C e alkyl, or 




with y is 2-4; 
when m is 2, R-i is 

25 




35 wherein Di and D2 are independently Ci-CealkyI, Ce-Cioaryl, C7-Ci2aralkyl or 3,5-di-t.butyi-4-hydroxybenzyI 
and D2 is also hydrogen, D3 is Ci-Ciealkyl or C2-Ci8alkenyl, and D4 is Cs-Ci2cycloalkylene; 
when m is 3, Ri is a trivaient acyl radical of an aliphatic, unsaturated aliphatic, cycloaliphatic or aromatic 
tricarboxylic acid having up to 20 C-atoms; 

when m is 4, R1 is a tetravalerit acyl radical of a saturated or unsaturated aliphatic or aromatic tetracarboxylic 
40 acid having up to 20 C-atoms; 
n is 1 or 2; 

when n is 1, R2 and R3 are independently hydrogen. Ct-Ci2alkyl, C2-Ci2alkenyl or C7-Ci2aralkyl; and 
when n is 2, R2 and R3 together are (-CH2)2C{CH2-)2. 
In these formulae, representative alkyl groups include methyl, ethyl, n-propyl, n-butyl, tert-butyl, n-hexyl, 

45 n-octyl, 2-ethylhexyl, n-undecyl and n-dodecyl; aryl includes phenyl and naphthyl; aralkyl includes benzyl, 
alpha-methylbenzyl and phenethyl; and alkenyl includes 1-propenyl, ally], methallyl, 2-butenyl, 2-hexenyl and 
2-octenyl. R1 as a trivaient acyl radical is, for example, an acyl radical of benzene-1,2,4-tricarboxy1ic acid. R1 as 
a tetravalent acyl radical is, for example, an acyl radical of 1 ,2,3,4-butanetetracarboxylic acid, 1,2,3,4-but-2-en- 
etetracarboxylic acid and 1,2,3,5- and 1 ,2,4,5-pentanetetracarboxylic acid. In the R1 members when m is 2. 

50 malonates are preferred where Di is Ci-Cealkyi or 3,5-di-t.butyl-4-hydroxybenzyl and D2 is Di or hydrogen. 
Preferred are the compounds of formula A' wherein 
R is hydrogen, m is 1 , 2 or 4 and 
when m is 1, R1 is a group 

55 



60 



65 



22 



WSOOCID: <EP 0309401A1 I > 



EP 0 309 401 A1 



(CH 3 )3<\ (CH 3 ) 3 C X 



<:>M> 1 

(CH 3 )3C / (CH»)aC / 

CH 3 ,CH 3 

(cfo) 5 \ )n-ch 2 -i 



. CO- 



CH 3 



when m is 2, Ri is a group 



Div .CO- £0- 

X or r 

Dz CO— CO- 



wherein Di is C^alkyl or 3.5-di-t-butyl-4-hydroxybenzyl and D 2 is Di °r hydrogen and D 4 is oyclohexylene. 
onH Xn m is 4 Ri is the tetravalent acyi radical of a butanetetracarboxylic acid. 

Doimethylpentene-1 , polyisoprene or polybutadiene. as well as polymers of cycloolefins, ^instance of 

tackyfiers). . , . , 

4 Polystyrene, poly-(p-methylstyrene). poly-(a-methylstyrene). P v am nle 

5 SSoMnem of styrene or a-methylstyrene with dienes or acrylic denvat.ves. such * Uor example 
styrene/bukdlene, styrene/ acrylonitrile. styrene/alkyl methacrylate, styrene/male.c "J**^™ 
Sene/ethyl acrylate, styrene/acrylonitrile/methyl acrylate; mixtures of high .mpact strength from 

s^en^ 

ethylene/pro pylene/diene terpolymer; and block copolymers of styrene such as J or example 
Syrene/butadiene/ styrene, styrene/ isoprene/styrene, styrene/ethylene/butylene/ styrene or styrene/ 

'TgZX^™ or a-methy.styrene such as. ^^JSZ^TSSS^ 
styrene on polybutadlene-styrene or polybutadiene-acrylonitrile; styrene and acrylon.tnle (or methacry 
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lonitrile) on polybutadiene; styrene and maleic anhydride or maleimide on polybutadiene; styrene, 
acrylonitrile and maleic anhydride or maleimide on polybutadiene; styrene, acrylonitrile and methyl 
methacrylate on polybutadiene, styrene and alkyl acrylates or methacrylates on polybutadiene, styrene 
and acrylonitrile on ethylene/propylene/diene terpolymers. styrene and acrylonitrile on polyacrylates or 
polymethacrylates, styrene and acrylonitrile on acrylate/butadiene copolymers, as well as mixtures 
thereof with the copolymers listed under 5), for instance the copolymer mixtures known as ABS-, MBS-, 
ASA- or AES-polymers. 

7. Halogen-containing polymers, such as polychloroprene, chlorinated rubbers, chlorinated or 
sulfochlorinated polyethylene, epichlorohydrin homo- and copolymers, polymers from halogen-contain- 
ing vinyl compounds ( as for example, polyvinylchloride, polyvinylidene chloride, polyvinyl fluoride, 
polyvinylidene fluoride, as well as copolymers thereof, as for example, vinyl chloride/vinylidene chloride, 
vinyl chloride/vinyl acetate or vinylidene chloride/vinyl acetate copolymers. 

8. Polymers which are derived from a.p-unsaturated acids and derivatives thereof, such as 
polyacrylates and polymethacrylates, polyacrylamide and polyacrylonitrile. 

9. Copolymers from the monomers mentioned under 8) with each other or with other unsaturated 
monomers, such as, for instance, acrylonitrile/butadiene, acrylonitrile/alkyl acrylate, acrylonitrile/alkox- 
yalkyl/acrylate or acrylonitrile/vinyl halogenide copolymers or acrylonitrile/alkyl methacrylate/butadiene 
terpolymers. 

10. Polymers which are derived from unsaturated alcohols and amines, or acyl derivatives thereof or 
acetals thereof, such as polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl benzoate, 
polyvinyl maleate, polyvinyl butyral, polyallyi phthalate or polyallylmelamine; as well as their copolymers 
with olefins mentioned in 1 ) above. 

11. Homopolymers and copolymers of cyclic ethers, such as polyalkylene glycols, polyethylene oxide, 
polypropylene oxide or copolymers thereof with bis-glycidyl ethers. 

12. Polyacetals, such as polyoxymethylene and those polyoxymethylenes which contain ethylene oxide 
as a comonomer; polyacetals modified with thermoplastic polyurethanes, acrylates or MBS. 

13. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with polystyrene or 
polyamides. 

14. Polyurethanes which are derived from polyethers, polyesters or polybutadienes with terminal 
hydroxyl groups on the one side and aliphatic or aromatic polyisocyanates on the other side, as well as 
precursors thereof (polyisocyanates, polyols or prepolymers). 

15. Polyamides and copolyamides which are derived from diamines and dicarboxylic acids and/or from 
aminocarboxylic acids or the corresponding lactams, such as polyamide 4, pofyamide 6, polyamide 6/6, 
6/10. 6/9, 6/12 and 4/6, polyamide 11, polyamide 12, aromatic polyamides obtained by condensation of 
m-xylene diamine and adipic acid; polyamides prepared from hexarnethylenediamine and isophthalic 
or/and terephthalic acid and optionally an elastomer as modifier, for example pofy-2.4,4,-trimethylhexa- 
methylene terephthalamide or poly-m-phenylene isophthalamide. Further copolymers of the aforemen- 
tioned polyamides with polyolefins, olefin copolymers, ionomers or chemically bonded or grafted 
elastomers; or with polyethers, such as for instance, with polyethylene glycols, polypropylene glycols or 
polytetramethylene glycols. Polyamides or copolyamides modified with EPDM or ABS. Polyamides 
condensed during processing (RIM-polyamide systems) . 

16. Polyureas, polyimides and polyamide-imides. 

17. Polyesters which are derived from dicarboxylic acids and diols and/or from hydroxycarboxylic acids 
or the corresponding lactones, such as polyethylene terephthalate, polybutylene terephthalate, 
poly-1,4-dimethylolcyclohexane terephthalate, poly-[2,2,-(4-hydroxyphenyl)-propane] terephthalate and 
polyhydroxybenzoates as well as block-copolyether-esters derived from polyethers having hydroxyl end 
groups. 

18. Polycarbonates and polyester-carbonates. 

19. Polysulfones, polyether-sulfones and polyether-ketones. 

20. Crosslinked polymers which are derived from aldehydes on the one hand and phenols, ureas and 
meiamines on the other hand, such as phenol/formaldehyde resins, urea/formaldehyde resins and 
melamine/formaldehyde resins. 

21 . Drying and non-drying alkyd resins. 

22. Unsaturated polyester resins which are derived from copolyesters of saturated and unsaturated 
dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinking agents, and also 
halogen-containing modifications thereof of low inflammability. 

23. Thermosetting acrylic resins, derived from substituted acrylic esters, such as epoxy-acrylates. 
urethane-acrylates or poiyester-acrylates. 

24. Alkyd resins, polyester resins or acrylate resins in admixture with melamine resins, urea resins, 
polyisocyanates or epoxide resins as crosslinking agents. 

25. Crosslinked epoxide resins which are derived from polyepoxides, for example from bis-glycidyl 
ethers or from cycloaliphatic diepoxides. 

26. Natural polymers, such as cellulose, rubber, gelatine and derivatives thereof which are chemically 
modified in a polymer-homologous manner, such as cellulose acetates, cellulose propionates and 
cellulose butyrates. or the cellulose ethers, such as methylcellulose; rosins and their derivatives. 
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27 Mixtures of polymers as mentioned above, for example PP/EPDM. Polyamide 6/EPDM or ABS, 
PVC/EVA PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA, PC/PBT, PVC/CPE, PVC/acrylates, 
POM/thermoplastic PUR, PC/thermoplastic PUR, POM/acrylate, POM/MBS, PPE/HIPS, PPE/PA 6.6 and 
copolymers, PA/HDPE, PA/PP, PA/PPE. . 
The compounds of formula A' and B' alone or in combination with phenols can further be used in 
photographic layers as yellow dye light stabilizers, as cyan dye dark stabilizers, as antistain agents in magenta 
layers (especially for two-equivalent magenta couplers) and as thermal stabilizers for magenta couplers. 
The following examples illustrate the preparation of these compounds. 

Example 18 : Di-(1-hydroxy-2,2,6,6-tetramethylpiperidin-4-yl) methylmalonate 

A4.5M solution of t-butyl hydroperoxide in toluene (25 ml, 113 mmol) is rapidly added to a mixture of 50.0 g 
(126 mmol) of di-(2 t 2,6,6-tetramethylpiperidin-4-yl) methylmalonate, 3.0 g of molybdenum trioxide, and 100 ml 
of toluene at 90° C. Another portion of 4.5M t-butyl hydroperoxide in toluene (87 ml, 392 mmol) is added over 
20 minutes. The reaction mixture is stirred "for 3 hours at 85-90°C, then cooled and filtered. The filtrate is 
concentrated and crystallized from methanol to yield 20.5 g (38 o/ 0 ) of di-(1-oxyl-2,2,6,6-tetramethylpiperidin- 
4-yl) methylmalonate, an orange solid, m.p. 1 11-120° C. 

A mixture of 20.3 g (47.6 mmol) of di-(1-oxyl-2.2,6,6-tetramethylpiperidin-4-yl) methylmalonate, 1 .0 g of 5 o/ 0 
palladium on carbon, and 100 ml of dichloromethane is hydrogenated in a Parr apparatus (50 psi, ambient 
temperature). The catalyst is then filtered off, and the filtrate is diluted with heptane (50 ml). The 
dichloromethane-heptane solution is fractionally distilled (bath temperature 50° C) until the product begins to 
crystallize, then cooled and filtered to give 11.9 g (58 o/o yield) of the title compound, as a white crystalline 
solid, m.p. 153-155°C. 

Anal. Calcd. for C22H40N2O6: C, 61.7; H, 9.4; N, 6.5. 

Found: C, 61.5; H, 9.2; N, 6.6. . 

The compounds in the following examples are prepared according to the procedure of Example 18 utilizing 
the appropriate starting materials. 

Example 19: Di-(1-hydroxy-2,2,6,6»tetramethylpiperidin-4-yl) n-butylmatonate 
m.p. 92-93°C 

Anal. Calcd. for C25H46N2O6: C, 63.8; H, 9.9; N, 5.9; 
Found: C, 63.9; H, 9.8; N, 6.0. 

Example 20: Di-fl-hydroxy^^.e.e-tetramethylpiperidin^-yl) diethylmalonate 
m.p. 115-118°C 

Anal. Calcd. for C25H46N2O6: C, 63.8; H, 9.9; N, 5.9; 
Found: C, 63.9; H, 10.0; N, 5.9. 

Example 21 : 1-Hydroxy-2 t 2,6,6-tetramethylpiperidin-4-yl 
4-(4-hydroxy-3,5-di-tert-butylbenzoyloxy)-3,5-di-tert-butylbenzoate 

m.p. 170-172 C C 

Anal. Calcd. for C39H59NO6: C, 73.5; H, 9.3; N, 2.2; 
Found: C, 72.7; H, 9.2; N, 2.3. 

Example 22 : 1 -Hydroxy-2,2,6,6-tetramethylpiperidin-4-yl 
[4-(2-oxoazepin-1-yl)-2,2 l 6,6-tetramethylpiperidin-1-yl]acetate 

m.p. 251 -252° C 

Anal. Calcd. for C26H47N3O4: C t 67.1; H, 10.2; N, 9.0; 
Found: C, 67.1; H, 9.9; N, 8.9. 



Example 23: Di-fl-hydroxy-^.e.e-tetramethylpiperidin^yl) 
2-(4-hydroxy-3,5-di-tert-butylbenzyl)-2-n-butylmalonate 
m.p. 148-152° C 

Anal. Calcd. for C40H68N2O7: C, 69.7; H, 9.9; N, 4.1; 
Found: C, 69.9; H, 10.0; N, 4.2. 

Example 24: Tetrakis(1 -hydroxy-2,2,6,6-tetramethyl-4-piperidyl) 1 ,2,3,4-butane-tetracarboxylate 
m.p. 201-204°C 

Anal. Calcd. for C44H78N4O12: C, 61.8; H, 9.2; N, 6.5 
Found: C, 61.5; H, 9.2; N, 6.4. 

Example 25: Di-(1-hydroxy-2.2.6,6-tetramethylpiperidin-4-yl) trans-1 ,4-cyclohexane-dicarboxylate 
m.p. 1 85-192° C 

Anal. Calcd. for C26H46N2O6: C t 64.7; H, 9.6; N, 5.8; 
Found: C, 64.3; H t 9.4; N, 5.6. 
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Claims 

5 



10 



1. A stabilized ambient curable or acid catalyzed thermosetting coating composition containing an 
effective stabilizing amount of a hydroxy! substituted hindered amine compound containing the group 



HO-N^ 

15 /— 
RCH 2 CH 3 



where R is hydrogen or methyl. 
20 2. A composition of claim 1, which contains hindered amine derivative corresponding to one of the 

formulae A-M 



25 



30 



RCH; 



HO— 



— • 

\ 

• — 

/ 



(A) 



RCH 2 / S CH 3 



35 



40 



45 



HO-N^ \— N- 

rch/ n ch 3 * 3 



J P 



KZX 

RCH 2 / N CH 3 







) — 
) — 


— ] 




— ] 

n 



-R's 
-Rs 



(B) 



(C) 



50 



55 



RCH 2x CH 3 Jl f 6 
RCh/ V CH 3 6 



-R 7 



J n 



(D) 



60 



RCHj n ^CH 3 /R 

\ 
/ 

• 



-Q i -E-CO-NH-CH 2-OR a 0 



RCH 2 CH 3 



(E) 



65 
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10 



HO— I ^Jf— CO- 



-T13 



(L) 



75 



H °-<' Vv 1 * 3 

-2 



(M) 
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25 



wherein 

R is hydrogen or methyl, 
mis 1-4, 
when mis 1, 

Ri is hydrogen, C1-C16 alkyl optionally interrupted by one or more oxygen atoms, C2-C12 alkenyl, C6-C10 
aryl, C7-C12 aralkyl, glycidyl, a monovalent acyl radical of an aliphatic, cycloaliphatic, araliphatic or 
aromatic carboxylic or carbamic acid; or R1 is a group 



30 



35 



qcH 3 ) 3 

cfcH 3 ) 3 



C^CH 3 )3 

~r\4. 



\ / 
cfcH 3 ) 3 



wherein x is 0 or 1 , or is a group 



40 



45 




C^ 3/ CH3 

• — - ■ 

/ 
\ 

• — t 



^N-CH 2 



X 



50 wherein y is 2-4; 

when m is 2, 

Ri is C1-C12 alkylene, C4-C12 alkenylene, xylylene, a divalent acyl radical of an aliphatic, cycloaliphatic, 
araliphatic or aromatic dicarboxylic or dicarbamic acid; or Ri is a group 



55 



60 



D 2 



or 



CO- 



D3-CH-CO- 
CHz-CO- 



65 



wherein D1 and D2 are independently hydrogen, Ci-Ce alkyl, phenyl, benzyl or 3,5-di-tert.butyM-hydroxy- 
benzyl and D3 is an alkyl or alkenyl radical containing up to 18 carbon atoms; 

when m is 3, Ri is a trivalent acyl radical of an aliphatic, unsaturated aliphatic, cycloaliphatic, or aromatic 
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tricarboxylic acid; 

when m is 4, Ri is a tetravalent acyl radical of a saturated or unsaturated aliphatic or aromatic 
tetracarboxylic acid; 

R^is hydrogen, C1-C12 alky), C5-C7 cycloalkyl, C7-C9 aralkyl, C2-C18 alkanoyl, C3-C5 alkenoyl or benzoyl; 
when p is 1 , 

FU is hydrogen, C1-C18 alkyl, C5-C7 cycloalkyl, C 2 -C 8 alkenyl unsubstituted or substituted by cyano, 
carbonyl or carbamide group, aryl, aralkyl, or it is glycidyl, a group of the formula -CH 2 -CH(OH)-Z or 
-CONH-Z wherein Z is hydrogen, methyl or phenyl ; or R4 is a group of formula I 



10 



— OH 



CH 3 / \h Z R 



/ 



(I) 



15 



or a group of the formula 



20 



C(CH 3 ) 3 



HO- 



y-\-l 



\ / 

C{CH 3 ): 



C^CH 3 ) 3 



cfcH 3 ) 3 



with h as 0 or 1; 
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withhasOoM; ^ „ , „ , . 

or R 3 and R 4 together are alkylene of 4 to 6 carbon atoms or 2-oxo-alkylene or the cyclic acyl radical of an 

aliphatic or aromatic 1 ,2- or 1 ,3-dicarboxylic acid, 

R^i^Cz-Cis alkylene, C 6 -Ci 2 arylene, xylylene, a -CH 2 CH(OH)-CH 2 - group, or a group -CH 2 - 
CH{0H)-CH 2 *O-X-0-CH 2 -CH(0H)-CH 2 - wherein X is C 2 -Cio alkylene, C 6 -Cis arylene or C 6 -Ci 2 
cycloalkylene; or, provided that R 3 is not alkanoyl. alkenoyl or benzoyl, Ha can also be a divalent acyl 
radical of an aliphatic, cyctoaliphatic or aromatic dicarboxylic acid or dicarbamic acid, or can be the group 
-CO- or 

R4 is a group of formula II 



35 



40 



_A._ 

T A_ 



(ID 



45 



50 



where T 8 and T 9 are independently hydrogen, alkyl of 1 to 18 carbon atoms or a group of formula I, or T 8 

and T9 together are alkylene of 4 to 6 carbon atoms or 3-oxapentamethylene; 

when p is 3, 

R 4 is2,4,6-triazinetriyl t 

nis 1 or2and 

Rs and R's'are independently Ci-Ci 2 alkyl, C 2 -Ci 2 alkenyl, C 7 -Ci 2 aralkyl, or R 5 is also hydrogen, or R 5 

and R* 5 together are C 2 -C 8 alkylene or hydroxyalkylene or C 4 -C 2 2 acyloxyalkylene; SO 

when n is 2, 

R 5 and R's together are (-CH 2 ) 2 C(CH 2 -) 2 ; 

R 6 is hydrogen, C1-C12 alkyl, allyl, benzyl, glycidyl or C 2 -C 6 alkoxyalkyl; 

when n is 1, _ ^ ^ . „ . _ _ „ 

R 7 is hydrogen, C1-C12 alkyl, C3-C5 alkenyl, C7-C9 aralkyl, C5-C7 cycloalkyl, C2-C4 hydroxyalkyl, C 2 -C 6 65 
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alkoxyalkyi, Ce-Cio aryl, glycidyl, a group of the formula -(CH2) t -COO-Q or of the formula -(CH 2 ) t -0-CO-Q 
wherein t is 1 or 2, and Q is C1-C4 aikyl or phenyl; or 
when n is 2, 

R7 is C2-C12 alkylene, C 6 -Ci 2 arylene, a group -CH 2 CH(OH)-CH2-0-X-0-CH2-CH(OH)-CH 2 - wherein X is 
C2-C10 alkylene, C 6 -Cis arylene or C6-C12 cycloalkylene, or a group -CH2CH(OZ')CH2-(OCH 2 - 
CH(OZ')CH 2 ) 2 - wherein Z' is hydrogen, Ci-Cie alkyl, allyl, benzyl. C 2 -Ci 2 alkanoyl or benzoyl; 
Q1 is -N(Rs)- or-O-; 

E is C1-C3 alkylene, the group -CH 2 -CH{R9) -O- wherein R9 is hydrogen, methyl or phenyl, the group 
-(CH 2 )3-NH- or a direct bond; 
R10 is hydrogen or Ci-Cie alkyl, 

R 8 is hydrogen, Ci-Cie alkyl, C5-C7 cycloalkyl, C7-C12 aralkyl, cyanoethyl, Ce-Cio aryl, the group 
-CH 2 -CH(R9)-OH wherein R9 has the meaning defined above; or Rb is a group of the formula I or a group 
of the formula 



-G-N-E-CO-NH-CH 2 «0R 2 



wherein G is C2-C6 alkylene or C 6 -Ci 2 arylene, or R 8 is a group -E-CO-NH-CH2-OR10; 

T3 is ethylene or 1,2-propylene, or is the repeating structural unit derived from an alpha-olefin copolymer 

with an alkyl acrylate or methacryiate; 

k is 2 to 100; 

T4 has the same meaning as R4 when p is 1 or 2, 
T5 is methyl, 

T6 is methyl or ethyl, orTs and T6 together are tetramethylene or pentamethylene; 
M and Y are independently methylene or carbonyl; 
T7 is the same as R7; 

T10 and T1 1 are independently alkylene of 2 to 1 2 carbon atoms, or T1 1 is a group of formula II ; 
eis 2,3or4and 

T12 is a group -N(R 5 )-(CH 2 )d-N(R 5 )- 



where a, b and c are independently 2 or 3, d is 2 to 1 0 and f is 0 or 1 ; 

T13 is the same as R4 with the proviso thatT-is cannot be hydrogen when n is 1 ; 

E1 and E 2 , being different, each are -CO- or -N(Es)-, and E5 is hydrogen, C1-C4 alkyl or 
C4-C 22 -alkoxycarbonylalkyl ; 

E3 is hydrogen, alkyl of 1 to 30 carbon atoms, phenyl, naphthyl, said phenyl or said naphthyl substituted by 
chlorine or by alkyl of 1 to 4 carbon atoms, or phenylalkyl of 7 to 12 carbon atoms, or said phenylalkyl 
substituted by alkyl of 1 to 4 carbon atoms, and 

E4 is hydrogen, alkyl of 1 to 30 carbon atoms, phenyl, naphthyl or phenylalkyl of 7 to 1 2 carbon atoms, or 
E 3 and E4 together are polymethylene of 4 to 17 carbon atoms, or said polymethylene substituted by up to 
four alkyl groups of 1 to 4 carbon atoms. 

3. A composition according to claim 2, which contains a hindered amine derivative of formula A, B, G-K 
or M wherein R is hydrogen and T5 and Te are methyl. 

4. A composition according to claim 2, which contains a hindered amine derivative of formula A wherein 
R is hydrogen, m is 1 f 2 or 4 and when m is 1, Rt is an acyl radical of an aliphatic carboxylic acid having 
12-18 C atoms or of an aromatic carboxylic acid having 7-15 C atoms and when m is 2, R1 is a divalent acyl 
radical of an aliphatic dicarboxylic acid having 4-18 C atoms or of an aromatic dicarboxylic acid having 
8-14 C atoms or R 2 is a group 
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Dl co- 
d/ co- 



wherein Di is Ci-C 8 alkyl or 3,4-di-tert.butyl-4-hydroxybenzyl and D 2 is D, or hydrogen, and when m is 4, 
Ri is tetravalent acyl radical of a butane- or pentane-tetracarboxylic acid. ....... t 

5 A composition of claim 1 , containing di(1-hydroxy-2.2,6,6-tetramethylpipend.rHhrl) sebacate. 

6 A composition of claim 1 , containing l-hydroxy-2,2,6,6-tetramethylpipendin-4-yl stearate. 
7Acompositionofclaim1,containingdi-(1-hydroxy-2^,6,6-t e tr a methy P per^ 

8. A composition of claim 1 , containing di-(1-hydroxy-2.2,6,6-tetramethylplper,d in-4-yl) .sophthalate 

9. A composition of claim 1, containing tetrakis (1-h y droxy-2,2,6,6-tetramethyl-4-p.pendyl) 1,2.3.4-bu- 

^ Twmp^sifenof' claim 1, containing the polycondensation product of 2 ; 4-dichloro-6-tert-octylamin 0 - 

s-tria2ineand4,4'-hexamethylenebis(amino-1-hydroxy-22.6.6-tetramethylpipendine). 

11 A composition according to claim 1, wherein the hindered amine denvative .s contained in an amount 
nf n 1 to 10 o/o bv weiaht. based on resin solids. , . _ 

2 A composition according to claim 1, which additionally contains a UV absorber selected form the 
group consisting of benzophenones, benztriazoles, acrylic acid derives, aryl-s-tr.az.nes, orgamc 

T^A^^ 

croup consisting of 2-[2-hydW3.5^i-(alpha,alpha^imethylbe ra yl)-pher V ll.2H-b e nzotr. a zole 2-(2-hy- 
^Z^S^-oc^^H-berrzom^e. 2 - ( 2-hydrox y -3-alpha,alpha^imethylbenzyl-Mert-o^ 

^H-benzotriazole, 2 -(2-hydroxy-3-tert<>ctyl-5,alp^ 
riazole 2-(2 hydroxy-S-tert-octylphenyD-^-benzotriazole, 2-[2-hydroxy^-tert-butyW-(2-(omega-hy- 

nvl)-2H-benzotriazole, 5-chloro-2-[2-hydroxy-3,5-di(alpha.alpha^imethylbenzyl)-phenyl-^ 

^Lrarbonyle^ 2-(2-hydroxy-3-sec.dodecyl-5-methyl-phe- 
nyO-2^beSrK diip.o-tert.butyl^-hydroxy-S-tZ-benzotnazolyll-phenyD-pro- 

P !|°4 n ^coating composition according to claim 1 , which is an ambient curable system based «, jar .alkyd 
resin thermoplastic acrylic resin, acrylic alkyd resin, polyester resin, or said resins modffled with 
Sones. isolates, epoxides, isocyanurates, ketimines or oxazolidines. or the system is based on a 

TSSK SSSKJSSi to claim 1 . which is an acid catalyzed thermoset«ng system based 

on a hot crosslinkable acrylic, polyester, polyurethane, polyamide or alkyd resin. 
1 6 A composition according to claim 1 , which is an enamel for industrial finishes. 
17. A composition according to claim 1 , which is a refinishing enamel for automobiles. 
1 8 A compound corresponding to the formulae A' or B' 



(A') 



• — • 

•— • 



-Ri 



(B») 



£H 2 



HO-N^ 



.CH 3 



-R 2 



CH 3 
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wherein R is hydrogen or methyl; 
m is 1-4: 

when m is 1, Ri is 



10 HO— 



■C\X 



75 wherein x is 0 or 1 and R 4 independently are Ci -Cealkyl, or 



20 



25 



(CH 2 ) 




with y is 2-4; 
when mis 2, Ri is 



• — • 

N \cH 2 
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D, 8- 



or 



-CH-C- 



wherein Di and D2 are independently Ci-Csalkyl, C6-Cioaryi, C7-Ci2aralkyi or 3,5-di-t.butyM-hydroxy- 
40 benzyl and D2 is also hydrogen. D3 is Ci-Ciealkyl or C2-Ciealkenyl, and D4 is C5-Ci2cycloalkyiene; 

when m is 3, Ri is a trivalent acyl radical of an aliphatic, unsaturated aliphatic, cycloaliphatic or aromatic 
tricarboxylic acid having up to 20 C-atoms; 

when m is 4, Ri is a tetravalent acyl radical of a saturated or unsaturated aliphatic or aromatic 
tetracarboxylic acid having up to 20 C-atoms; 
45 nis1or2; 

when n is 1, R2 and R3 are independently hydrogen, C1 -Cealkyl. C2-Ci2alkenyl or C7-Ci2aralky1; and 
when n is 2, R2 and R3 together are (-CH2)2C(CH2-)2. 

19. A compound of claim 18, wherein R is hydrogen. 

20. A compound of formula A' of claim 18, wherein m is 2, 
50 Riis 



55 



D1 is Ci-Csalkyi or 3.5-di-tbutyl-4-hydroxybenzyl and 
D2 is D1 or hydrogen. 

21 . A compound of formula A' of claim 18, wherein 
R is hydrogen, m is 1, 2 or 4 and 
65 whenmis1,Ri is a group 
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<CHj)jC 



HO— 



(CH 3 )3C 



(CH 3 )3C 



or 



(c6 2 ) 5 




» 

A 



• — ■ 

^ ^N-CH 2 -CO- 
« — « 



when mis 2,Ri is a group 




or 




wherein D1 is Ci-C4alkyl or 3,5-di-t-butyl-4-hydroxybenzyl and D 2 is D1 or hydrogen and D 4 is 
cyclohexylene, 

and when m is 4, R 1 is the tetravalent acy! radical of a butanetetracarboxylic acid. 

22. Di-(14iydroxy-2,2,6,6-tetramethylpiperidin^-yl) methyimaionate according to claim 18. 

23. Di-(1-hydroxy-2,2,6 ) 6-tetramethylpiperidin-4-yI) n-butylmalonate according to claim 18. 
24 Di-{1-hydroxy-2,2,6 T 6-tetramethylpiperidin-4-yl) diethylmalonate according to claim 18. 

25. Di-(1 -hydroxy-2,2,6,6-tetramethylpiperidin-4-yI) 2-(4-hydroxy-3,5-di-tert-butylbenzyl)-2-n-butylmalo- 
nate according to claim 18. 

26. Tetrakis(1-hydroxy-2,2 t 6 t 6-tetramethyi-4-piperidyl) 1,2,3,4-butanetetracarboxylate according to 

claim 18. . 

27. Use of a compound of claim 1 8 as stabilizer for organic materials against actinic degradation. 

28. Use according to claim 27 as stabilizer for organic polymers. 

29. Use according to claim 27 as stabilizer for photographic layers. 
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